Reagents. Gold (III) chloride trihydrate (HAuCl4·3H2O, 99.9+%), silver nitrate (AgNO3, 99.9999%), copper(II) chloride (CuCl2, 99.999%), poly(vinyl pyrrolidone) (PVP, Mw=55,000), 1,5-pentanediol (PD, 97%), cetylpyridinium chloride (CPC, 99%), and cetyltrimethylammonium bromide (CTAB, 99.9%) were purchased from Sigma-Aldrich, and used for syntheses without further purification. Milli-Q ultrapure deionized water (18.2 MΩ, Millipore UV Plus) was used in preparing all the aqueous solutions.
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Materials and Methods
Reagents. Gold (III) chloride trihydrate (HAuCl4·3H2O, 99.9+%), silver nitrate (AgNO3, 99.9999%), copper(II) chloride (CuCl2, 99.999%), poly(vinyl pyrrolidone) (PVP, Mw=55,000), 1,5-pentanediol (PD, 97%), cetylpyridinium chloride (CPC, 99%), and cetyltrimethylammonium bromide (CTAB, 99.9%) were purchased from Sigma-Aldrich, and used for syntheses without further purification. Milli-Q ultrapure deionized water (18.2 MΩ, Millipore UV Plus) was used in preparing all the aqueous solutions.
Synthesis of Ag nanocubes. Ag nanocubes used as templates for preparation of hollow nanostructures were synthesized using the modified polyol protocol 1, 2 . An 8mg/mL solution of CuCl2 in PD was prepared prior to the nanocube synthesis and stored at room temperature. The AgNO3 precursor solution was prepared by sonicating 0.2g AgNO3 and 35uL of the CuCl2 in 10mL of PD until all the salt crystals were dissolved, around 30min to a few hours. The solution turned a bright-yellow orange color. The PVP precursor Briefly, an aliquot of purified DNA solution was added to 1mL aliquot of nanoparticles (~3 OD260 of DNA for per mL of nanoparticle colloid). After allowing 3 hours for thiolated DNAs to react with the particle surface, particle suspensions were brought to 0.01% sodium dodecyl sulfate (SDS) and 10mM sodium phosphate and allowed to sit for overnight. Following literature procedure, the colloidal nanoparticle solutions were then slowly treated with NaCl to allow for electrostatic screening between neighboring DNA strands and denser surface coverage of oligonucleotides. Specifically, NaCl concentration of the solution was brought to 0.5M slowly by adding aliquots of 3M NaCl eight times with ~30mim interval for incubation. After reaching the final NaCl concentration, particles were allowed to sit overnight to achieve maximum DNA loading. To remove the excess, unbound DNA from the solution, the mixture was centrifuged, the supernatant was removed, and the pellet was resuspended in washing buffer (0.01% SDS+10mM phosphate buffer, pH=7.4). This process was repeated three times. The final resuspension typically occurred in 100-200uL to allow for a concentrated solution of particles in 10mM phosphate buffer (pH=7.4). All modified nanoparticles were also stable at the high salt concentration of 0.5M PBS. Concentration of nanoparticles was quantified using the absorbance value at the surface plasmon resonance (SPR) maximum in UV-vis-NIR absorption spectra. A frequency domain Finite Element method (FEM) was used to simulate the optical extinction spectra of AuAg nanowrappers and further to obtain the molar extinction coefficients. A molar extinction coefficient of 5.77×10 11 M -1 cm -1 at 1250nm SPR peak is used for the AuAg nanowrappers. For the spherical Au nanoparticles purchased from Ted Pella Inc., molar extinction coefficients of 1×10 8 M -1 cm -1 at 520nm peak, 9.41×10 8 M -1 cm -1 at 525nm peak and 3.6×10 9 M -1 cm -1 at 527nm peak are used for the nanoparticles with the diameters of 10, 20 and 30nm, respectively.
Loading, encapsulation, and release of nanoparticles by nanowrapper. In a typical experiment, an aliquot of 30ss DNA-capped nanospheres solution was added to a 100μL of 15ss DNA-capped nanowrappers (~20 OD1250 of nanocage) in 0.5M PBS, with a nanosphere/nanowrapper ratio of more than 100:1. The mixture with highly excessive nanospheres in 0.5M PBS was incubated overnight to allow nanospheres to diffuse into 4 nanowrappers (1000rpm in thermomixer). Then a large amount of 10mM phosphate buffer was added to the mixture to decrease the solution ionic strength. The obtained mixture was kept undisturbed for 6h to let the loaded nanowrappers to settle down naturally due to their large size. The supernatant was still red with excessive Au nanospheres. After removing the supernatant, the sediments were washed several times with 10mM phosphate buffer until no UV-vis signal at the SPR peak of Au nanospheres was detected after nanowrappers self-precipitated. Then the nanowrappers with nanoparticles locked in were redispersed in 10mM phosphate buffer. Low ionic strength in 10mM phosphate buffer results in the conformational expansion of DNA strands on the surfaces of nanospheres and nanowrappers, which prevent nanospheres diffusing away from nanowrappers. To release the DNA-capped nanospheres locked inside the nanowrappers, the NaCl concentration of mixture was adjusted to 0.5M by adding aliquots of 5M NaCl. The mixture was kept shaken vigorously for 6~12h to facilitate the release of nanospheres from nanowrappers. 16 Table S1   Table S1 . Hydrodynamic diameter values (Dh) obtained from DLS measurements.
